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INSTRUMENTFIZGHTTRIKESWITHA HEIZCOFTERSTABILIZEDIN

NI’TITUDEABOUTEACHAXISItWXVIDUALLY

By SeymourSalmirsandRobertJ. Tapscott

SUMMARY

Flightinvestigationsof single-axisattitudestabilizationhave
beenconductedduringluw-speedinstrumentapproaches.A single-rotor
helicopterthathadbeenmodifiedto includean electroniccontrol
systemwasusedin the investigation.Pilots’opinionsanda stiplified
statisticalanalysisof thepilots’controlandhelicoptermotionswere
usedforevaluation.

Resultsindicatedthatheadingstabilizationprovidedconsiderable
improvementsin calmairbutwas actuallydetrimentalundervariable-

s windconditionsforthetaskperformed.Thislatterfindingwa6prob-
ablytheresultof the characteristicsof thisparticularcontrol
system.Rollstabilizationprovidedonlyminorbenefitsin calmair.

. andshowedno improvementsi= varyingw~ds. Conversely,
inpitchprovidedbenefitswhichweresignificantinboth
in vsryingwinds.

IN’TROL?JCTION

stabilization
calmairand

Helicopterinstrumentflightshaveindicatedthedesirabilityof
improvedstabilityandcontrolcharacteristics.Therehavebeena
numberof successfulattemptsat obtainingsuchimprovementswhichhave
madeuse of electroniccontrolunits. Theseunits,however,present
problemsin cost,weight,maintenance,andreliability.

Thepossibilitywas suggestedthatstabilizingattitudeabouta
singleaxiswouldmateriallyrelievetheseproblemsand stillbring
aboutsubstantial.improvementsin flyingqualities.An investigation
was thereforeundertakento evaluatethe improvements@ flyingqualities
providedby attitudestabilizationabouteachaxistidividually.The
helicopterconfigurationusedfor comparisonin the investigationabeady. possessedgoodbasicflyingqualities;onereasonis theexistenceof
increaseddampingaboutallthreeaxes. In thiscase,the increased
dsmpingwasmostconvenientlysuppliedby electronicunits. This,



2 . . . NACATN 39r47

investigationwas restrictedtra,studyof theeffectsof theaddition
of a controlsignalproportionalto helicopterattitude.Forthepur-
posesof thisinvestigation,stabilizationistakento mesmtheresto-
rationof thehelicopterto a referenceattitude(angularpositionwith
respectto earthaxes)aftera disturbance.

DESCRIPTIONOF EQU~ USEDIN INVESTIGATION

.

Thehelicopterused-asthetestvehicleis shownin figure1. This
is an extensivelymodifiedsingle-rotormachineof about~,n-pound
grossweightwithgoodbasicflylngqualities.Thehelicopterhas
essent:Lallytwo controlsystems:a directmechanicallinkagewith
hydraulicboostanda completelyelectronicsystemwhichoperateson
themechanicalone. Theelectronicsystemhasbeenaddedtu permit
studiesof thevariationof stabilityparameters.Reference1 presents
an exampleof thesestudiesanddescribesthecontrolsystemwhichis
illustratedin figure2.

A signalproportionalto helicopterratewas continuouslyoperating
aboutallthreeaxesto providedampingin additionto thatalready
presentIn thebasicmachine.Theserate-gainswerethesamevalues
arrivedat in reference-1. Forthisinvestigationtheelectronicunits
werefurthermodifiedto includea signalproportionalto helicopter
attitude.Thegainsusedforthethreeaxesarepresentedas follows:

.

.

Pitchaxis Rollaxis Yawaxis

Displacementgain 0.16~e~cy~;c‘itch0.05‘g Cy;:=pitchO.gg‘g tail::orpitch

Rategain ~ 25 aeg cyclicpitch ~ ~ degcyclicpitch. ~ 51 &g tail-rotorpitch.
d.eg/sec

.
deg/sec &g/sec

Basic-helicopter ~ 13 clegrotortilt o ~7 degrotortilt
damping

0*17&g tall-rotarpitch. .
degisec deg/sec deg/sec

Basic-helicopter 624 ft-lb 624 ft-lb 1,qw f’t-lb
controlpower clegrotortilt degrotortilt degtxll-rotorpitch

Thehelicoptercarriedtwupilots;thefrontpilotoperatedthe
mechanicalcontrols‘andactedas the safetypilot,whiletherearpilot
flewthehelicopterwithmockcyclicstickandpedals(bothwithspring
feel)whichintroducedelectricalsignalsintotheequipment.The
electrcmicunitthenrespondedso thatthecontroldeflectioncaused
thehelicopterto changeattitudeuntiltheattitudeerrors.ignal.ws

.

sufficientto cancelthe controlsignal.Thus,thehelicopterstabilized‘~ “-
aboutsomenewattitudewhichwasproportionalto controldeflection. ●

The--systemwas adequate
forhe&Lding.In theheading

inpitchandrollbuthadto be modified
case,thepilotwouldfrequentlywantto
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changehisreferenceattitude.For thisreason,a switchthatpermitted
● thepilotto disconnecttheheadingsignalwas installedon therear

PilOt’S CYCliC stick. A newheadingreferencewasprovidedwhenthe
pilotreengagedthe signalaftera destiedchsmgein headinghadbeen
&ccomplished.

-. .-

Initialflighttrialsshowedthatan abruptpedaldeflection
resultedwhentheheadingsignalwas disconnected.It was notedthat
theyaw signalsdueto headingerrorduringflightwereresponsiblefor .-

theabruptpedaldeflectionsandthatpedaltrimvariationsdueto
varyingpowerwerecontributingto theheadingerror. A simpletorque-
compensationcircuit,basedent~ely on throttlepositionswasusedin
an effortto reducetheundesirablepedalmotion. The circuitwas found
to be helpfulbutwas notcompletelysatisfactory.Apparentlythe defi-
ciencyin theoperationof theelectroniccontrolsdidnot interfere
undulywiththetestprogram.Thedifficultywaspresentonlyaboutthe
yawaxisandwasmostbothersomeduringsevereatmosphericconditions,
whentheeffectswerereadilydiscernible.

Thehelicopterwas instrumentedwithst-dsrdNACArecordinginstru-
mentswitha coordinatedtimescale. Altitude,airspeed,heading,and
roll,pitch,andyawvelocitieswererecorded.~ addition,records
weretskenof’thepilotlscontrols:. namely,thepositionsof lateral-
cyclic,longitudinal-cyclic,andcollectiveleversandtail-rotorpedals.

.
FLIGHTPROCEDURE

Theevaluationof single-sxisstabilizationwas
duringlow-speedinstrumentapproachesby use of the

primarilyconducted
instrumentlanding

system(ILS). Forthisinvestigationtherearseatwashooded>ad the.
rearpilotflewthehelicopter.The low-speedapproacheswereselected
so thatthepilotwouldhavea repeatabletaskthatwas sufficiently
difficultto enablehimto readilydetectanyimportantchangesin
performance.

Theprocedurefollowedrequiredthepilotto makethefirstapproach,
afterpractice,withoutanyattitudestabilization.Succeedingapproaches
weremadewhilea singlesxiswas attitudestabilized.The orderof
stabilizationwasvaried,anda finalapproachwithno attitudestabiMza-
tionwas flownin orderto evaluate,as faras possible,anyeffectsof
additionalpracticeor fati~e. Theglideslopewas enteredat about
the samealtitude(700to 800ft)eachtime,andthe approachwasmadeat
thes-e airspeed(25knots)in orderto haveeachrun occupyaboutthe

. ssmeperiodof time. Allapproachesduringa flightweremadewithina
. shortintervalin orderto eliminateanyeffectsof grosswindvsriation.

Thus,the approachesforeachflightwereconductedunderessentially. thessmeconditions.



‘E(
,1

.,
L

4

F:Lightswere
andcrosswinds.

.. . .
--- NACATN 3947

.’
conductedin smoothandgustyairandwithhead,tail>
Whenthe-windwasparticularlylightor whensteady

windconditionsexisted,thewindwasdesignatedas “calm.”A “variable” .

windwas oneinwhichtherewas a severevariationinwinddirectionor
velocity,orboth,withaltitudeor verygustyair.

METHODOF EVALUATIONOF RESULTS

Pilots’Opinions

Thepilots’opinionsof thevsriousconfigurationsof thetest
helicopterarethecombinedopinionsof’twoNACAresearchpilotsexq?eri-
encedinhandling-qualitiesinvestigations,JohnP. ReederandJamesB.
Whitten.A thirdresesrchpilotlessexperiencedinhelicopterfly~
alsoflewa fewapproachesduringthisinvestigation.Allof thepilots
agreedsubstantiallyon thepointspresentedherein.

QuantitativeAnaly~is

A simplifiedstatisticalanalysiswasusedto providesomequanti-
tativebasisforevaluationo~the variationin flightconfiguration. ●

Themethodmakesuse of thefractionaldefectivediscussedin reference2.
Forthisinvestigation,it appearedto be moreawropriat-eto substitute .
theexpressionfractionaldeviationforfractionaldefective.Thefrac-

..

tlonaldeviationis definedas thefractionof thetotalnuniberof
observationslyingoutsidespecifiedlimits. —

Initially,thedataweredividedintotwocategories:pilot’scen-
tralmotionandhelicoptermotion.Thecontrol-motion fractionaL.devi-
ationsweredeterminedby readingthefilmrecordsat l-secondintervals

_.>

andccruparingadjacentreadings.I~a readingdifferedfromtheone ‘“—
~r)d.i~ itby morethan0.7-percentcontrol,a “deviation”~ noted.
Thl ~tional deviationwasthen thetotalnumberof thesedevia~ons
dividedby thelengthof the record.

._.
—

Themotionsconsideredin theanalysisof thehelicoptermotions
werekeading,airspeed,altitude,andpitch,roll,andyawvelocities.
Unfortunately,altitudehadto be discardedbecauseof thedifficulty
in correlatingtherecordedaltitudewiththedesiredaltitudealongthe
flightpath. Headingandairspeedwereconsideredthemoreimportantof
theremainingparametersbut no satisfactoryweightingmethodwasreadily
available;thus,allpsmznetershadto be consideredequally.

.
Thehelicopter-motionfractionaldeviationsweredeterminedby

choosingsuitablelimitsforeachof themotionsmeasured.The limits
*“
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wereselectedby thepilots’commentson thelimitstheyseton the
vsriousparametersin flight.Theselimitsweredrawnon thefilmrecord

. as shownin figure.3. It wasonlynecesssryto notethepositionOf the...
.-.

recordswithrespectto thelimitlinesat eachreadinginterval.If
thetracefelloutsideof thelimitlties~a devwtionwasnoted-d the
fractionaldeviationwasthendeterminedas describedforthepilot’s
controlmotions.

One-secondintervalswereusedsincetheywereconvenientlymarked
on thefilmandprovideda reaso-blenumber(ontheorderof 200to 300)
of ssmples.Theywereconsideredto representa largenumberof random
ssmplesof thequantityconsidered,andtheorderof readingmskesno
differencein thefractionaldeviation.

Thefractionaldeviationsobtainedareessentiallymeasuresof the
probabilitywithwhichthevariableunderconsiderationwillexceedthe
prescribedlimits.Theparameterswerefoundto followapproximatelya
normaldistributionwhichpermitsawlysisundernormaldistribution
laws. Withthisassumption,it is possible to enter table I (Page 75)
of reference3 withthefractionaldeviationp andto determinea
valueof a/L whichis theratioof the standarddeviationa of the
vsriableto theprescribedlimit L. (Thevalueobtainedin tableI of
reference3 is actuallya valueof L/u.) Thisratiomsybe considered

. to representa desirableperformancelevelwhenequalto or lessthan
If a ~ L, mostof thevaluesof thepar&ters underconsiders-unity.

tionwereat a desirablelevelas indicatedin sketchA. Conversely,
u > L indicatesexcessivevariationof theparameteras illustratedin
sketchB. In thesesketchestheareasunderbothcurvesareidentical.

I

a
I a
I
I

LOL LOL
U<E LT>L

SketchA SketchB
In sketchA, itwillbe notedthata largeproportionof theareais
containedwithinthe limits L. In sketchB, a muchsmallerproportion
of theare~underthe curveis containedwithinthelimits L. Since
the stanC.:dddeviationis a measureof thedistributionof theparameters
beingmeasured,itmaybe convenientlyasedin thisanalysis.The
quantityE = ~ - 1, therefore,wastermedthe “excess.”The cumulative.
excessforthepilot’smotionsandthe cumulativeexcessfortheheli-
copter’smotionsweresummedandthisvalueof theexcess E wasused

.
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fortheanalysis.In orderto arriveat a determinationof the–con-
fidencelevelreachedin theanalysis,thecumulativeexcessforboth
thefirstandlastapproachesof alltheflightswasdetermined.These
approacheswereflownwithoutattitudestabilizationandthedifference
betweenthemwouldbe dueto extraneouscausesandwouldbe a measureofi
thereproducibilityof a valueof cumulativeexcess.Theroot-mean-
squarevalueof thesedifferenceswasthentakenas the standerderror
of anycumulativeexcessof an approach.A differencein the cumulative
excessbetweenapproachesgreaterthantwicethestandarderrorwas taken
to be significantsinceon theaveragein only5 cases in 100wouldthis
differencebe expectedon thebasisof chancealone.

Themethodprovidesa considerablesavingin co~utingtimecompared
withthetimerequiredforcompletestatisticalanalysis.Forthepurpose
of comparison,themethodappearsto produceadequateresults,although
someinformationIs lost.

FU3SULTSANDDiscussion

Figure4 illustratesthecomparativeeffortexertedby thepilot,
as reflectedinhis controlmotions,anda comparisonof helicopter- .
motiondeviationsfroma standard.Thevaluesof the cumulativeexcess
derive~fromthemodifiedstatisticalanalysisarecomparedforthe
stabilizedandunstabilizedconfigurationsfortwoextremecasesof .
calm-airandvariablewindflights.It shouldbe notedthatithecollectlve-
pitchvalueis negativewhereastheothercontrol-motionvaluesare
positive.Thecumulativeexcessforthepilot’smotionis thealgebraic
sum(total)of thevaluesgivenandis inmedi.atelybelowtheplotof the
individualmotions.Theresultsto be discussedarebasedon a total
of 9 flightswhichincluded17 approacheswithoutstabilization,10
approa.~heswithheadingstabilized,9 approacheswithpitchstabilized,
and9 approacheswithrollstabilized.A stsmdarderrorequalto 1.9
was foundfromtheseapproachesandtwicethisvaluewasusedas the
testo:csignificance. —- .—

HeadingStabilization

In general,theheading-stabilizedflightin calmair(illustrate&
in fig,A(a))showedlargereductionsinbothpilot’scontrolmotions
andhelicopterdeviationsin comparisonwiththosevaluesobtainedfor
theunstabilizedcase. Thepilots’opinionsverifiedtheseresults.
Theyfeltthatheadingstabilizationwashighlydesirablein thatit
providedconsiderablehelpduringtheinstrumentlmding approaches .

anddidpermitbetterresultson approaches. . ,-
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Themainproblemof theapproachappearsto be the.pilot’sability
to maintaintheproperheading.Withthemachinestabilizedin heading). therefore,itwouldbe expectedthatconsiderableimprovementwouldresult.
~rovement wasprimsrilybroughtaboutin thefrequencyof thepilot’s
pedalandlateral-cyclic-stickmotions.Thelongitudinaland collective
motionswereonlyslightlyimproved.The improvementinpedalandlateral
motionswas emphasizedin themuchsmallerheadingdeviationsand inthe
reducedroll-andyaw-velocitydeviations,evenwiththe comparatively
smallpilot’seffort.

Theheadingproblemisbroughtintoshsrperrelief,however,under
v’ariable-tindconditions.Figurek(a)showsthatheadingstabilization
is nota significantaidforthiscondition,becausea variablewind
willrequirefrequentheadingcorrectionsin orderto maintainthedesired

.-—

groundpath. Withtheparticularelectronicinstallationused,itwas
.

necessaryforthepilotto disconnecttheheadingsignalwhen--aheading
changewas desired.As previouslydescribed,theresultwas a lsrge
pedaldisplacement.Thepilotthereforehadto correctforthisundesir-
ablesignalas wellas reachhis desiredheadingbeforereengagingthe
headingsignal.Notein figure4(a)thatthisproblemisreflectedin
thepilot’spedalsndlateralcyclicmotions,whichreachthe sameorder
of magnitudeforthe stabilizedas fortheunstabilizedcase. The
heading,roll-velocity,sndyaw-velocityerrorsareall increasedover

. thenormalconfiguration.

In viewof theaddeddifficultyimposedon thepilotby theopera-. tionof theelectroniccontrolunitduringveriable-tindconditions,it
wasnot surprisingthatthenormalconfigurationwasbetterthsnthe
headingstabilizedmachine.An automaticcontroldevicewhichwasnot
subject.tolergepedaldeflectionswhentheheadingsignalwas discon-
nectedwouldprobablyprovidesignificantadvantagesevenundervariable-
windconditions.

A controlsystemspecificallydesignedto overcometheseshortcomings
mightbe onewherethepedalsmovedwiththetailrotorin responseto
theautomaticcontrolsignals.Disconnectingtheheadingsignalin this
casewouldleavethepedalsin thetrimposition.Therewouldthenbe
no lsrgeunwanteddisplacementswhenthepilotwantedto changeheading.
The incorporationof thisfeaturein thepresentinstallationwouldhave
beendesirablebutwouldhaverequireda veryextensivemodificationof
thismachine.For thisreasonno modificationeffortwasmadeforthe
presentinvestigation.

PitchStabilization
.

Figure4(b)indicatestheresultsderivedfromtheuse of automatic
stabilizationinpitch. Pilot’scontrolmotionsandhelicopterdevia-

. tionshavebeenmateriallydecreasedalthoughnotto thelevelattained
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withheadingstabilizationin calmair. Thestatistics
verifiedby thepilots’opinions.Thepilotsfeltthat
inpitchwas significantanddidcontributeto theease
theapproaches.

NACATN 3947
.

wereagain
theaidreceived .
andqualityof

In calmairthemostimportantimprovementswerein thepilot’s
longitudinalcyclicandcollectivepitchmotions.Thisimprovementwas
reflectedinthe smallerairspeedandpitch-velocityvariationsof the
helicopter.Thepilotsreporteda stiilarreductionin thealtitude
variati~ons.The improvementin airspeedcontrolwasmostnoticeableto

.

thepilLotsandwas statisticallythemostsignificantimprovement.The
realizationof theexpectedadvantagesinpitchpermittedthepilots
somewhatmoreopportunityto monitortheothermotionsof thehelicopter.
Theresultwasbetterheadingcontrolevent~oughpedalmotionsremained
aboutthesame.

Undervsriable-windconditions,pitchstabilizationresultedIn
aboutthe sameoverallimprovementas wasobtainedin calmair. For this
configuration,then,thepitchsystemoperatedcontinuouslyto good
advantage. ..

RollStabilization .-

Sl;abilizati-oninrollresultedin someimprovementsin calmair,
butno overallchangeslargeeno~h to providea basis.for.statistical .
compsrkon. Withthisparticularinstallation,thepilot’slateralcon-
trolmotionswerelesseffectivesincetheattitudestabilization
systemmadea smallerrateof turnavailablefora givenstickdisplace-
mentthanwasnormallythecase. Thepilotusedlateralcontrolas well
as pedalst-omskecorrectionsin theflight-pathdirection.Withthe
reducedcontroleffectivenessavailablelaterally,therequiredcor-
rectionsweremoredifficultto makebecauseof theresulkingslow
response. .-

Theadvantageprovidedby rollstabilizationwastheabilitvto
establishandmaintaina givenattitudewhendesired.Undervaiable-

.-

windconditions)whenthepilotusesroll-attitudechangesto makecor-
rectionsin flight-pathdirection}theeffectof rollstabilizationis
notas importantas mightbe expectedforthetasksimposed.Thepilots
indicatedthatthisconfigwcationdidhelpby reducingtheconcentration
required.Theanalysis,as showninfigure4(c),tendedto confirmthis
conclusionbut alsoindicatesthe increasedhelicoptermotionsin a
varyingwind. Thetotalresult~then,fora varyingwindis somewhat

—

poorerforthestabilizedthanfor”theunstabilizedhelicop~. It IS
possibILethattheexpectedadvantagesof roll.stabiliza~~on..~ybe

,.——

realizedin normalcruisingflightwheretheheadingcontrolproblemis
notas predominanti~-- —
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SUMMARYOF RESULTS
.

A single-rotorhelicopterwithsa electroniccontrolsystemwas
flownat lowairspeedon instrumentlandingapproacheswitheachaxis
individuallystabilizedin attitude.Thehelicopterconfigurationused
forcomparisonin thisinvestigationalreadypossessedgoodbasicflying
qualitieswhichmaybe partlyattributedto theexistenceof increased
damping.Theresultsof the investigation,whicharebasedon a conibi- ___
nationof pilots’opinionsandstatisticalanalysis,maybe sumnsrized
as follows:

1.Underconditionsof calmor steadyair,thehsndlingqualities
of thehelicopterstabilizedin headingwereconsiderablyimproved.
Variable-windconditions,however,largelyeliminatedthesebenefits.
Thisdeficiencywas ascribedto thepeculiaritiesof the circuitused
to disconnectheadingstabilization,whena headingch~e was des.fied.
It isbelievedthattheeliminationof thesepeculiaritieswouldyield
a yaw-stabilizationsystemthatwouldprovidesignificantadvantages
evenundervsriable-windconditions.

2. Therewas onlya smallgeneral.improvementwhiletherollsxis
. was attitudestabilized,althoughthepilotsreporteda significant

decreasein concentrationrequired.Withvarying~ds thero~-attitude
stabilizedhelicopteractuallyproducedpoorerresultsthanthehelicopter

. withoutsuchstabilization.It ispossiblethattheseresultswouldvqry
underotheroperationalconditionssuchas normalcruisingflight.

3. Definiteimprovementswerebroughtaboutby attitudestabiliza-
tioninpitch,bothundercalm-airandvariable-windconditions.The
gainswereimportantandconsistent,althoughnotas largeas those
obtainedin calmah withheadingstabilized.

LangleyAeronauticalLaboratory,
NationalAdvisoryComitteeforAeronautics,

LangleyField,Vs.,November19,19’36.
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